several cell divisions prior to their exit from the cell cycle.
Introduction
The diversity inherent in biological systems has its roots 1998; Panchision et al., 1998), the lineage relationships of neural cells (Cepko et al., 1998) , the mechanisms of in genetic variation but is revealed through distinctions in the molecular profile and thus the identity of individual asymmetric cell division (Lu et al., 1998), and developmental cell death (Pettemann and Henderson, 1998) cells. The diversification of cell types is evident in an extreme form in vertebrate tissues, and amongst these, have recently been discussed elsewhere and are not addressed in detail. the nervous system contains perhaps the richest array of cell types. Even now, the number of distinct neuronal classes that exists is unclear, but traditional estimates
The Timing of Restrictions in Neural Cell Fate of a few hundred mammalian neuronal subtypes appear
The differentiation of multipotential neural progenitor to be overly conservative (Stevens, 1998). Attempts to cells into specific classes of postmitotic neurons or glial understand the mechanisms that generate cell diversity cells occurs over a protracted period and appears to be through an analysis of vertebrate neural systems may accompanied by a progressive restriction in the range of therefore appear ill advised. Nevertheless, the generafates available to individual cells. The time at which such tion of diverse neural cell types underlies in large part restrictions occur has generally been examined either the remarkable information processing capacity of the by placing progenitor cells from different developmental central nervous system. Thus, one goal of studies of stages in ectopic environments in vivo or by exposing neural cell fate determination not attainable through the cells to defined signals in vitro and monitoring changes use of other tissues is to understand the logic that conin response and fate. These manipulations have retrols the later assembly of neuronal circuits. Problems vealed that restrictions in cell fate occur at many differposed by the number and complexity of neuronal subent stages and times. The fate of certain classes of types may be partly offset by the fact that the mechaneural cells appears to be restricted several divisions nisms used to establish neural cell diversity in vertebefore cell cycle exit, but for other cell types, similar brates are in many cases conserved with those in other restrictions appear to occur much closer to the time of tissues and more primitive organisms. cell cycle exit, and for yet others, only after they have The central issue in the specification of cell fate is the achieved a postmitotic state. In the following sections, interaction between two general sets of determinative we review briefly some of the evidence that has led to factors: secreted or transmembrane (extrinsic) signals these general conclusions. present in a cell's local environment and intrinsic signals
Restrictions in Developmental Potential that operate in a cell-autonomous manner. Cell identities
Prior to Cell Cycle Exit are assigned through the interplay of both sets of facThe neural crest represents the cell type that has protors, but the relative contribution of each set varies with vided the most detailed information on the mechanisms cell type and developmental time. The task then, is to that control the fate of multipotential neural progenitors. define how these various environmental, intrinsic, and
The suggestion that progressive restrictions occur in temporal controls cooperate in establishing the identity the developmental potential of neural crest cells first of individual cells. 
The Contribution of Cell Cycle Exit to Neural Cell Differentiation
The exit of neural progenitors from the cell cycle is accompanied by the onset of expression of many terminal differentiation markers, but the precise contribution of cell cycle exit to neural cell differentiation remains obscure. In considering how cycle arrest might contribute to the specification of neural fate, we return to the examples of neural cell types discussed above that exhibit key fate restrictions at the time of cell cycle exit. One possibility is that cell cycle exit defines the timing of action of transcription factors that specify neuronal subtype identity. Some evidence that this may be the case has come from studies of motor neuron differentiation. The MNR2 homeodomain protein is able to direct several independent features of somatic motor neuron differentiation when misexpressed in neural tube cells (Tanabe et al., 1998) . However, the inductive activity of MNR2 appears to operate within the context of an independent developmental program that controls the 
